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Objective: To evaluate outcomes of open (OR) and endovascular repair (II-EVAR) of internal iliac artery aneurysms
(IIAAs) with or without preservation of internal iliac artery (IIA) ﬂow.
Methods:We reviewed the clinical data of consecutive patients treated for IIAAs between 2001 and 2012. End-points were
morbidity, mortality, graft patency, and freedom from pelvic ischemic symptoms (buttock claudication, ischemic colitis,
and spinal cord injury).
Results: There were 97 patients, 87 male and 10 female, with mean age of 74 6 8 years. A total of 125 IIAAs (71
unilateral and 27 bilateral) with mean diameter of 3.6 6 2 cm were treated. Eighty-two patients (86%) had elective repair
and 15 (14%) required emergent repair (mean size, 6.7 6 2.4 cm; range, 3.6-10 cm). OR in 60 patients (62%; 49 elective,
11 emergent) included IIA bypass in 36 (60%) patients and endoaneurysmorrhaphy in 24 (40%). II-EVAR in 37 patients
(38%; 30 elective, 4 emergent) required IIA embolization in 29, iliac branch device in ﬁve or open IIA bypass in three,
combined with bifurcated aortic stent grafts in 17. Early mortality was 1% for elective (1/49 open, 0/33 endovascular)
and 7% for emergent repair (1/11 open, 0/4 endovascular). Early morbidity (43% vs 8%; P < .001) and length of stay (9
vs 1 day; P < .001) were signiﬁcantly higher for OR as compared with II-EVAR. Pelvic ischemic complications occurred in
25 patients (26%), including hip claudication in 23, ischemic colitis in two, and paraplegia in one. Freedom from buttock
claudication at 2 years was 25% in patients with no IIA preserved, 68% with preservation of one, and 95% with preser-
vation of both IIAs (P [ .002). Freedom from buttock claudication was higher after OR than after II-EVAR (79% vs
59%; P [ .05). Primary and secondary patency rates of IIAA bypasses were 95%, and 80% at 1 and 3 years, respectively.
Conclusions: II-EVAR of IIAAs is associated with fewer complications and shorter hospital stay compared with OR. Open
and endovascular IIA reconstructions have very good long-term patency, and preservation of IIA ﬂow is associated with
higher freedom from buttock claudication. (J Vasc Surg 2014;59:634-44.)Internal iliac artery aneurysms (IIAAs) are rare. Most
frequently these are found in conjunction with abdominal
aortic aneurysms (AAAs) and/or common iliac artery
aneurysms (CIAAs). We have previously reported in our
patients an incidence of IIAAs in association with 5% of
AAAs, 29% of CIAAs, and 10% of isolated iliac artery aneu-
rysms.1,2 Isolated IIAAs occur even more infrequently.
Two large autopsy series in the last century have estimated
the incidence of 0.03% in general population and 0.4% in
patients with intra-abdominal aneurysms.3,4 Given their
rarity and frequent association with other aneurysms, the
natural history of IIAAs is not well documented. Isolated
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://dx.doi.org/10.1016/j.jvs.2013.09.060and poor results of repair of ruptured IIAAs. In a review
of isolated IIAAs, Brin and Busuttil reported 58% mortality
in 31 patients presenting with rupture.5 The location of
IIAAs in the pelvis makes them difﬁcult to diagnose clini-
cally, often leading to attainment of a large size and presen-
tation with symptoms related to compression of
surrounding structures; urinary/bowel obstruction, major
venous occlusion, and neuropathy.6-10 Eventual rupture
into the rectum, urinary bladder, ureter, and rectus sheath
have also been reported.11-15
Repair of IIAAs is challenging given the anatomy deep
in the pelvis, complex branching patterns, and potential
injury to adjacent viscera and nerves. The ﬁrst attempted
repair by McLaren in 1913 with proximal ligation resulted
in partial cure.16 Unlike with other aneurysms, the general
principle of endoaneurysmorrhaphy and graft replacement
with preservation of in-line ﬂow of blood has not tradition-
ally been adopted during repair of IIAAs. These aneurysms
were often simply treated with proximal ligation and aor-
toiliac/femoral bypass when associated with AAAs and
CIAAs, allowing subsequent growth of the IIAA sac
from retrograde, cross-pelvic collateral ﬂow.17-19 The
introduction of minimally invasive endovascular options
have opened up other simpler, less morbid avenues of treat-
ment with coil embolization of the outﬂow and therapeutic
exclusion of the IIAA sac, but sacriﬁce of internal iliac
Fig 1. Technique for internal iliac artery (IIA) revascularization during open internal iliac artery aneurysm (IIAA)
aneurysm repair. A, Aorto-iliac graft limb is ﬁrst anastomosed end to end to the external iliac artery. B, Separate graft is
then anastomosed distally to the IIA bifurcation in an end to end manner often by using the parachuting technique. C,
Distal control deep in the pelvis can be facilitated by balloon catheter control of IIA branches. D, The graft is then
trimmed to length and anastomosed in an end to side manner to the aorto-external iliac limb. Published by permission
of the Mayo Foundation for Medical Education and Research. All rights reserved.
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and chronic pelvic ischemic syndromes.
The purpose of this study was to evaluate contempo-
rary outcomes of open (OR) and endovascular repair
(II-EVAR) of intact and ruptured IIAAs, and to assess
the incidence of pelvic ischemic complications with or
without preservation of IIA ﬂow.METHODS
Clinical data from consecutive patients undergoing
repair of IIAAs over a 12-year period between January 1,
2001 and December 30, 2012 at the Mayo Clinic, Roches-
ter, Minnesota, were retrospectively reviewed. An IIAA was
deﬁned as dilation of the IIA $1.6 cm, measured on
imaging studies or documented at surgery. Demographics,
clinical characteristics, and radiologic and operative data
were obtained from the medical records. The study wasapproved by the Institutional Review Board of the Mayo
Clinic.
Surgical technique. OR of IIAAs was performed
concomitantly with aortic and common iliac artery aneu-
rysm repair in majority of the cases. Aorto-external iliac
grafts were performed in the usual end-to-end fashion. IIAs
were dissected to the level of branches beyond the aneu-
rysm when possible. If endoaneurysmorrhaphy without
revascularization was desired, the outﬂow branches were
ligated from outside or oversewn from within the aneu-
rysm. In patients who underwent revascularization, distal
control was obtained with silastic vessel loops or with
balloon catheters (Fig 1). The distal anastomosis was per-
formed ﬁrst with a separate tube graft in end-to-end
fashion followed by an end-to-side proximal anastomosis
to the aortoiliac limb of the bifurcated graft. (Fig 1, B-D)
The majority of endovascular repairs (II-EVAR), were
performed by endoluminal exclusion of distal outﬂow
Fig 2. Anatomy and extent of treated aneurysms. Published by
permission of the Mayo Foundation for Medical Education and
Research. All rights reserved.
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common iliac to external iliac stent grafts. Initially access
into outﬂow branches of IIAs beyond the aneurysm was
achieved, and endovascular plugs and/or occlusion coils
were deployed, followed by arteriography to conﬁrm
occlusion. Inﬂow exclusion was then performed with stent
grafts across the IIA origin or, in some cases, with occlu-
sion plugs within the proximal neck. In patients with
contralateral IIA occlusion, or with bilateral IIAAs where
ﬂow was sacriﬁced on one side, unilateral revascularization
was performed either endovascularly with surgeon-
modiﬁed iliac branch device (IBD) or open retroperitoneal
bypass to the distal IIA with inﬂow from the distal external
iliac or common femoral artery.
The choice of repair, both in the elective and emergent
setting, was based upon the patient’s anatomy, medical
risks, activity status, quality of life, and surgeon’s prefer-
ence. Younger, physically active patients were recommen-
ded OR with greater likelihood of preservation of IIA
ﬂow, especially in the earlier stages of the series, prior to
the availability of expertise in branched endograft repairs.
In older, less active patients with appropriate anatomy,
II-EVAR with sacriﬁce of IIA ﬂow was the treatment of
choice. The aim throughout, as far as possible, was to
preserve at least unilateral IIA ﬂow, and, in later years,
bilateral IIA ﬂow in patients with the possibility of need
for subsequent thoracic aneurysm repair. Hemodynamic
instability during emergent repairs certainly negatively
affected the decision whether to persevere in the face of
complex anatomy and preserve IIA ﬂow.
Data collection and analysis. Outcomes evaluated
included mortality, cardiac, pulmonary, renal, and systemic
complications. Acute renal failure in the postoperative
period was deﬁned as change in serum creatinine
$0.4 mg/dL, or need for hemodialysis. Pulmonary failure
included patients requiring intubation >48 hours or respi-
ratory failure requiring tracheostomy. Myocardial infarc-
tion was documented by electrocardiogram changes and
elevation of biochemical markers. Pelvic ischemic complica-
tions were deﬁned as acute e colon ischemia, spinal cord
infarction, skin necrosis and chronic e buttock claudica-
tion. End-points recorded were 30-day and in-hospital
mortality and major morbidity, graft patency, and
freedom from pelvic ischemic symptoms. Results were
compared between patients undergoing open or endovas-
cular intervention, elective or emergent repair, and the
extent of preservation of pelvic perfusion.
During follow-up, reconstructions were imaged by
duplex ultrasound, computed tomography angiography,
or magnetic resonance angiography on an annual basis.
For the purpose of analysis, conﬁrmation of graft patency
was based upon imaging. Patients lacking a follow-up visit
within 1 year were contacted by telephone with a standard-
ized questionnaire to assess outcomes and speciﬁc focus of
aneurysm-related symptoms and manifestations of chronic
pelvic ischemia. Based upon variability in the extent of clin-
ical documentation regarding how severe or limiting the
claudication was, this was presumed to be lifestyle-limiting if reported in the chart or telephone interview.
Evaluation of buttock claudication was limited, therefore,
to recording and analyzing the incidence and when it was
ﬁrst reported by the patient.
Statistical analysis. All statistical analyses were per-
formed by SAS version 9.3 software (SAS Institute Inc,
Cary, NC). Mean6 standard deviation for continuous vari-
ables and frequency (percentage) for categorical variables,
were compared by two-sample t-test, Fisher exact test, and
Pearson c2 test where appropriate. Overall survival and
patency curves using Kaplan-Meier method were plotted,
and log-rank test was used to compare the difference. Any P-
value#.05 was considered as statistically signiﬁcant.
RESULTS
There were 97 patients with 125 IIAAs in the study; 87
males and 10 females, with a mean age of 73.6 years
(range, 52-90 years). Seventy-one IIAAs were unilateral
(36 right and 35 left), and 27 were bilateral. Over the
same 12-year period, 2523 total abdominal aortic and/or
iliac aneurysms were repaired. Mean IIAA diameter was






PNo. % No. %
Mean age 6 SD, years 72 6 8 77 6 7 .002
Male 53 88 34 92 .58
Smoking 50 83 25 68 .07
Hypertension 50 83 27 73 .22
Hyperlipidemia 45 79 22 59 .41
Coronary artery disease 28 47 15 41 .56
Renal insufﬁciency (Cr $1.4) 20 33 9 24 .35
Chronic obstructive pulmonary
disease
12 27 7 15 .36
Congestive heart failure 8 13 6 16 .69
Cr, Serum creatinine; II-EVAR, internal iliac endovascular aneurysm repair;
OR, open repair; SD, standard deviation.
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repair in conjunction with AAA and/or CIAA repair; 62
(64%) had AAAs, 59 (60%) had a CIAA on the side of
the IIAA, and 48 (49%) had bilateral CIAAs (Fig 2). In
25 patients, the IIAAs were isolated at presentation; six
of these were bilateral. However, seven of the 25 had
undergone prior AAA and/or CIAA repair; hence, out of
97 patients, 19% (18/97) had truly isolated IIAAs with
no associated CIAAs or AAAs.
OR of IIAAs was performed in 60 patients, II-EVAR in
37 of which three were hybrid repairs with contralateral
open retrograde IIA bypass. Patients were older in the II-
EVAR group compared with the OR group (77 6 7 vs
72 6 8 years; P ¼ .002). Preoperative medical comorbid-
ities were similar between the OR and II-EVAR group
(Table I). Aneurysm repair was elective in 82 patients while
15 patients underwent emergent repair; nine for either
ruptured (n ¼ 8) or acutely symptomatic (n ¼ 1) IIAA
and six for ruptured or acutely symptomatic AAA or
CIAA, with intact IIAA. Mean aneurysm diameter in
patients with ruptured IIAAs was 7 6 2.4 cm.
OR. OR was performed electively in 49 patients and
emergently in 11. Repairs were unilateral in 38/60 patients
(endoaneurysmorrhaphy alone, 22; IIA bypass, 16); six of
these patients underwent contralateral IIA bypass to treat
large CIAAs. Bilateral IIAAs were repaired in 22/60
patients; (bilateral endoaneurysmorrhaphy, 2; unilateral
endoaneurysmorrhaphy þ contralateral IIA bypass, 15;
bilateral IIA bypass, 5; Fig 3). Following OR, only three
patients had interruption of blood ﬂow to both IIAs due to
anatomical constraints and technical difﬁculty; bilateral
endoaneurysmorrhaphy in two and unilateral endoaneur-
ysmorrhaphy in one with pre-existing contralateral IIA
occlusion. None of these was during emergent repair, and
the inferior mesenteric artery (IMA) was reimplanted in
two of the three. The IMA was reimplanted in 14 patients
altogether during OR. No IIAA was treated with simple
exclusion with proximal ligation and bypass around the
aneurysm.II-EVAR. II-EVAR was performed electively in 33
patients and emergently in four. II-EVAR was performed
for unilateral IIAA in 32 patients (exclusion, 28 and IIA
revascularization, 4; open bypass in 2 and IBD in 2).
Endovascular reconstruction was limited to the ipsilateral
iliac artery in 15 patients and was aortoiliac in 17 (Fig 4).
All four IIA revascularizations were performed electively in
patients with occluded contralateral IIAs. Bilateral IIAAs
were repaired in ﬁve patients (bilateral exclusion in one and
unilateral exclusion and contralateral revascularization in
four; open bypass in one and IBD in three). The patient
with bilateral IIA exclusion underwent emergent repair in
the setting of a ruptured IIAA treated with bilateral IIA
embolization and aorto-external iliac stent graft. The other
three patients undergoing emergent II-EVAR underwent
coil occlusion and exclusion of the IIAA, in the setting of
patent contralateral IIA.
Pelvic ﬂow preservation. As the result of IIAA repair,
74/97 (76%) patients had preservation of ﬂow in one IIA
while 19/97 (20%) had bilateral IIA ﬂow preservation.
Flow was interrupted to both IIAs in four patients. Overall,
49/125 (39%) IIAAs were treated with revascularization.
Revascularization was signiﬁcantly more likely during OR
vs II-EVAR (51% vs 19%; P < .001). The rate of IIA
revascularization was not different between emergent and
elective repairs (33% vs 44%; P ¼ .37). Among the four
patients with loss of bilateral IIA ﬂow, one was performed
emergently and three had undergone elective repair. Out
of 15 emergent repairs, 14 patients had one IIA preserved.
This required unilateral IIA revascularization with open
bypass in seven patients; no patient underwent emergent
endovascular IIA revascularization.
Early outcomes. There were two postoperative
deaths, both following OR (one elective and one emer-
gent) for a 30-day mortality of 2%. One patient died
from acute respiratory failure occurring 9 days post-
operatively and the other in a nursing home 23 days
postoperatively from worsening renal insufﬁciency and
refusal of hemodialysis (Table II). Thirty-day mortality was
not signiﬁcantly different between OR and II-EVAR (2% vs
0%; P ¼ .26). Overall morbidity was 29%, signiﬁcantly
higher following OR compared with II-EVAR (43% vs 8%;
P # .001) as were new onset arrhythmias (6% vs 0%; P ¼
.05) and respiratory failure (10% vs 0%; P ¼ .04) respec-
tively. One of three patients undergoing hybrid repair
developed a groin lymphocutaneous ﬁstula requiring re-
exploration and ligation of lymphatics. Median length of
hospital stay was 6 6 5 days, signiﬁcantly shorter following
II-EVAR compared with OR (1 day vs 9 days; P # .001;
Table III). This was in spite of the fact that ORs and II-
EVARs were evenly distributed over the study period,
with about half of each occurring in the ﬁrst half of the
study time period.
The incidence of acute pelvic ischemic complications
(colon ischemia in two patients, spinal cord ischemic
injury in one patient) was not different between OR and
II-EVAR (3% vs 3%; P ¼ .62). Overall, three patients
had acute pelvic ischemic complications. One patient
Fig 3. Details of open surgical reconstructions of internal iliac artery aneurysms (IIAAs) in 60 patients. Published by
permission of the Mayo Foundation for Medical Education and Research. All rights reserved.
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and open bypass on the other. He had colonic ischemia
requiring colectomy and colostomy. The second patient
had emergent repair for a ruptured aortic component of
his complex aortoiliac aneurysm including unilateral
IIAA. He underwent endoaneurymorrhaphy of his IIAA
and bypass to the other IIA because of large CIAA. This
patient developed paraplegia as well as ischemic colitis
despite having a patent IIA bypass on one side. The third
patient also had an emergent repair for ruptured aortic
component of an aortoiliac aneurysm. This patient hadbilateral IIAAs and underwent endoaneurysmorrhapy for
one and bypass for the other. This patient developed
ischemia of his splenic ﬂexure requiring colectomy and
colostomy about a week following his initial repair. None
of these patients had IMA reimplantation as unilateral
IIA revascularization was performed in all.
When the outcomes of emergent and elective repairs
were compared, 30-day mortality was not different (7% vs
1%; P ¼ .17). However, overall morbidity (47% vs 27%;
P # .001) was signiﬁcantly higher following emergent
repair as were the incidence of myocardial infarction
Fig 4. Details of endovascular reconstructions of internal iliac artery aneurysms (IIAAs) in 37 patients. aOne of the four
patients treated with aortoiliac stent grafting and unilateral iliac branch device (IBD) had a prior thrombosed
contralateral nonaneurysmal internal iliac artery (IIA). Published by permission of the Mayo Foundation for Medical
Education and Research. All rights reserved.
Table II. Overall mortality and early complications
No. %
30-day mortality 2 2




Ischemic colitis 2 2
Paraplegia 1 1
Median length of hospital stay 6 SD, days 6 6 5
SD, Standard deviation.
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tions (13% vs 1.2%; P ¼ .04). Hospital stay was also longer
following emergent repair (9 days vs 6 days; P ¼ .01;
Table III). There was no signiﬁcant difference in mortality
or major morbidity comparing OR and II-EVAR in patients
who underwent emergent repair.
Late outcomes. Mean follow-up following IIAA repair
was 42 6 30 months. On Kaplan-Meier analysis, actuarial
1-, 3-, and 5-year survival rates for the entire cohort were
91%, 79%, and 62%, respectively (Fig 5,A). Survival was not
different between OR and II-EVAR (P ¼ .34; Fig 5, B) or
between emergent and elective repair (P ¼ .87; Fig 5, C).
There was no aneurysm-related reintervention in the OR
group. One patient required embolization of IIA outﬂow
vessels via deep femoral artery access for type II endoleak
25 months following endovascular exclusion of an isolated
IIAA. Of 50 patients who underwent IIA reconstruction,
40 had imaging during follow-up. In this group, after
a mean imaging follow-up of 256 23months, graft patency
was excellent; 95% and 80% at 1 and 3 years, respectively
(Fig 5, D). Graft patency was not different between IBDs
compared with open surgical conduits (P ¼ .29).Freedom from buttock claudication in the entire
patient cohort was 74% at 1 year and 71% at 2 years
(Fig 6, A) and was signiﬁcantly higher in the II-EVAR
group compared with the OR group (81% and 79% vs
64% and 59%; P ¼ .05; Fig 6, B). A total of 73 patients
(OR, 37; II-EVAR, 36) did not have IIA ﬂow preservation
at least on one side. Out of these, 70 patients had follow-up
data available. Freedom from ipsilateral buttock claudica-
tion over 2 years in these patients was 66% (the incidence
Table III. Incidence and comparison of early mortality, morbidity, and length of hospital stay following open repair




PNo. % No. % No. % No. %
30-day mortality 2 3 0 0 .26 1 7 1 1 .17
Perioperative morbidity 26 43 3 8 <.001 7 47 22 27 <.001
Myocardial infarction 3 5 1 3 .58 3 20 1 1 <.001
Congestive heart failure 1 2 0 0 .43 0 0 1 1 .67
Arrhythmia 6 6 0 0 .05 1 7 5 6 .93
Respiratory failurea 6 10 0 0 .04 6 7 6 0 .3
Renal insufﬁciencyb 8 13 1 3 .08 3 20 6 7 .12
Dialysis 2 3 0 0 .26 1 1 1 7 .17
Acute pelvic ischemiac 2 3 1 3 .62 2 13 1 1 .04
Median length of hospital stay, days 9 1 <.001 9 6 .01
aMechanical ventilation >48 hours.
bChange in serum creatinine $0.4.
cIschemic colitis and paraplegia.
Fig 5. A, Overall actuarial survival in 97 patients following internal iliac artery aneurysm (IIAA) repair. B, Survival
following open repair (OR) and internal iliac endovascular aneurysm repair (II-EVAR). C, Survival following emergent
and elective repairs. D, Five-year patency of 45 internal iliac artery (IIA) reconstructions.
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dication was sequentially related to the degree of pelvic
ﬂow preservation; signiﬁcantly higher in patients who hadﬂow preservation in both IIAs vs one IIA (P ¼ .03) and
higher in patients with at least one IIA preserved vs none
(P ¼ .02; Fig 6, C).
Fig 6. A, Overall actuarial freedom from buttock claudication following internal iliac artery aneurysm (IIAA)
repair. B, Freedom from buttock claudication following open repair (OR) and internal iliac endovascular aneurysm
repair (II-EVAR). C, Freedom from buttock claudication following preservation of none, one and both internal iliac
arteries (IIAs).
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The majority of IIAAs are diagnosed because of
concomitant aortic and common iliac aneurysms. When
IIAAs occur in isolation, detection is often delayed, and
they present disproportionally more frequently with
rupture. Of nine patients in our series undergoing emer-
gent repair for ruptured/acutely symptomatic IIAAs, four
were limited to the IIA. In the largest review of published
cases of isolated IIAAs by Dix and colleagues, the initial
presentation was with rupture in 40% of patients (size 5-
13 cm) with a mortality of 52% in this setting.20 In our
experience, mortality was not signiﬁcantly higher in
patients who underwent emergent repair vs elective repair
(7% vs 1%); however, we did note a higher incidence of
devastating acute pelvic ischemic complications and
myocardial infarction following emergent repair.
Several authors in the past have recommended a size
$3 cm for elective repair of IIAAs.1,20,21 Given the fact
that the smallest ruptured IIAA we encountered was
3.6 cm in diameter, we would agree with consideringelective repair in a good risk patient at 3 cm. Repair of
smaller IIAAs, however, may be performed when encoun-
tered in conjunction with larger AAAs or CIAAs depending
upon the patient’s estimated life expectancy. In contempo-
rary practice, proximal ligation alone is not a valid treat-
ment option during OR, whether treating an isolated
IIAA or one in conjunction with AAA/CIAA repair.
Natural history of IIAAs following proximal ligation has
been infrequently reported with signiﬁcant enlargement
in nearly 50% of patients.18 Two of 25 patients in our series
presenting with isolated IIAAs (4.3 and 4.2 cm diameter)
had undergone AAA repair by us 4 and 10 years previously
when the small IIAAs were left untreated. Both patients
underwent successful endovascular repair (Fig 7, C). In
the largest single institution series thus far, 14 of 44 IIAAs
repaired were in patients with prior aortoiliac aneurysm
repair. The authors noted signiﬁcant technical challenges
and major complications including massive hemorrhage
intraoperatively during OR.19 The signiﬁcance of this is
also highlighted by the fact that, in our series, three of
11 patients who had undergone previous aortoiliac
Fig 7. A, Nine-cm left internal iliac artery aneurysm (IIAA) in a 69-year-old male causing iliac vein compression and
sciatic neuropathy. This was repaired with endoaneurysmorrhaphy alone. B, Computed tomography angiography
demonstrating 10.5-cm right and 4.6 cm left IIAA in a patient with prior proximal right internal iliac artery (IIA)
ligation and aorta to right external iliac and left common iliac artery reconstruction for aneurysmal disease. These
aneurysms were treated with endoaneurysmorrhaphy alone on the right and IIA bypass on the left. C, Follow-up
computed tomography angiography after repair of an isolated 4.5 cm left IIAA repaired with an iliac branch device
(IBD) 10 years after open repair (OR) of aortoiliac aneurysm with reimplantation of the inferior mesenteric artery
(IMA) and multiple renal arteries. D, Follow-up computed tomography angiography 26 months following aortoiliac
reconstruction with bilateral IIA preservation demonstrating widely patent bypass grafts.
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a mean size of 6.3 cm.
Endoaneurysmorrhaphy during OR with control of
inﬂow and outﬂow or endovascular exclusion are the
appropriate treatment options. Similar to treatment of
AAAs, the mode of repair should be based on the patient’s
anatomy, medical risk factors, surgeon experience, and
patient preference. In the case of IIAAs, however, the
patient’s level of activity needs to be taken into account
and the need for preservation of IIA ﬂow addressed. The
importance of IIA ﬂow preservation has been debated for
over a decade since the advent of II-EVAR. Initially, it
was thought to be fairly safe,22,23 but with accrual of
greater experience, there is now extensive data to supportthat sacriﬁce of unilateral or bilateral IIA perfusion is
certainly not benign and leads to pelvic ischemic sym-
ptoms in a signiﬁcant proportion of patients. The worst
of these include gluteal/perineal skin necrosis,24-26 colon
ischemia,27-32 and spinal cord ischemia.30-36 In a large liter-
ature review by Lin et al, the overall incidence of buttock
claudication in patients with unilateral occlusion of IIA
was 28%, and was 42% patients with bilateral IIA emboliza-
tion.27 Our data is in agreement with these ﬁndings. The
signiﬁcantly greater freedom from buttock claudication
with preservation of even bilateral IIAs compared with
unilateral IIA ﬂow (95% vs 68% at 2 years) makes a strong
argument to strive for bilateral preservation in the elective
setting especially in young, physically active patients.
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however, a technical challenge whether open or endovascu-
lar repair is performed. In our practice, we go to extra
lengths to achieve that, especially in the elective setting.
Ninety-six percent (93/97) of patients had at least one
IIA and 20% (19/97) had both IIAs preserved, which
required bilateral IIA bypasses in six patients. We have
observed that almost all of the aneurysms end at the bifur-
cation of the IIA into anterior and posterior divisions, and
these branches are rarely involved. Some of the smaller
aneurysms that end proximal to the IIA bifurcation have
an uninvolved portion of the main trunk that can be used
as a target for open or endovascular reconstruction. Aiming
to preserve IIA ﬂow sometimes requires modiﬁcation of
traditional techniques (Fig 1). During OR of the more
extensive aneurysms, exposure can be facilitated by
opening the aneurysm and controlling back bleeding
from the outﬂow vessels with balloon catheters from
within. Similarly, during II-EVAR with an IBD, a larger
branch can be used as a revascularization target with embo-
lization of the smaller division as was done in two of the
ﬁve IBDs in our series (Fig 4, bottom right).
Endovascular treatment strategies are geared towards
overcoming the challenges associated with OR. In keeping
with the results of II-EVAR in general, we noted signiﬁ-
cantly lower major morbidity and hospital length of stay
following endovascular repair. One limitation in our study
is that 54% (20/37) patients in the II-EVAR group had
aneurysms limited to IIAAs, compared with only 8% (5/
60) in OR, making it a potential limitation tilting the
results in favor of II-EVAR. The incidence of IIA revascu-
larization was signiﬁcantly lower during II-EVAR
compared with OR. This translated into signiﬁcantly lower
freedom from buttock claudication in the II-EVAR group.
This is expected to change in the future with the likely
commercial availability of IBDs. The mid-term patency of
IIA grafts, both open and endovascular, is excellent in
our experience; 95% and 80% at 1 and 3 years, respectively.
This, to our knowledge, is the largest experience with open
IIA reconstruction, and the results are very encouraging.
Excellent patency has also been reported with IBDs in
the larger European studies, 87% and 90% at 5 years among
160 patients.37-39 In cases of IIAAs, however, the indica-
tion and feasibility of IBDs may be limited secondary to
paucity of an adequate distal landing zone and the fact
that branch stent grafting into one of the divisions if IIA
may affect the long term patency due to the need for
a longer connecting stent, tortuosity, and reduced
outﬂow.39
CONCLUSIONS
Repair of IIAAs whether isolated or as part of AAAs
and CIAAs is safe and effective with both open and endo-
vascular techniques. Endovascular repair is associated with
fewer complications and shorter hospital stay compared
with OR, albeit with a greater chance of sacriﬁcing the ipsi-
lateral pelvic perfusion resulting in a higher incidence of
buttock claudication. Patients undergoing emergent repairhave higher overall perioperative morbidity and pelvic
ischemic complications. Reconstructions for IIA ﬂow pres-
ervation have very good long-term patency. Every effort
should be made to preserve IIA ﬂow, as it leads to signiﬁ-
cantly higher freedom from pelvic ischemic symptoms and
buttock claudication.AUTHOR CONTRIBUTIONS
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